2
Introduction
A number of complexes are known which contain disubstituted thiourea dianion ligands, [RNHC(S)NHR'] 2- , coordinated to platinum(II) forming four-membered Pt-S-C-N ring systems. Examples include the complexes 1 formed from symmetrical thioureas RNHC(S)NHR [1] [2] [3] and 2, formally derived from the cyanothiourea MeNHC(S)NHCN. [4] Thiourea dianion complexes of other metals are also known, e.g. palladium(II) [5] , molybdenum(IV) [6] , rhodium(III) [7] and ruthenium(II). [7] In this paper we report the synthesis of platinum(II), palladium(II) and gold(III) complexes of the trisubstituted thiosemicarbazide ligands Ph 2 N-NHC(S)NHPh 3a and Ph 2 N-NHC(S)NHMe 3b, which form similar complexes to the thiourea analogues. While metal complexes of thiosemicarbazones have attracted much interest [8] there have been fewer studies on metal complexes of thiosemicarbazides, though supramolecular assembly of platinum thiosemicarbazide complexes via hydrogen bonding has attracted recent interest. [9] 
Results and discussion
The reactions of cis- [ In order to unambiguously characterize the mode of bonding of the thiosemicarbazide ligand to the platinum centre a single-crystal X-ray diffraction study was carried out on complex 4a. The molecular structure is shown in Figure 1 , together with the atom numbering scheme, while selected bond lengths and angles are given in We subsequently wished to explore the effect of substituting the phenyl group with a sterically less bulky methyl, to provide an NMR spectroscopic handle upon which to characterize the coordination geometry (the presence of a Pt-NMe group can be readily determined by NMR spectroscopy due to the presence of 195 Pt and 31 P couplings). to NPh 2 appears to be effecting isomerisation.
Reaction of cis-[PtCl
In conclusion, trisubstituted thiosemicarbazide dianion ligands show strong similarities to the related thiourea dianion ligands, in bonding via S and N, forming fourmembered metallacycles. The observation of isomerism dependent on ligand substituents suggests that this may also occur in the thiourea analogues, and this will be the topic of a subsequent investigation.
Experimental

General experimental procedures
Electrospray mass spectra were recorded in methanol solution on a VG Platform II instrument with nitrogen as the nebulising and drying gas. Identification of ions was aided by comparison of experimental and theoretical [14] The thiosemicarbazides Ph 2 NNHC(S)NHPh 3a and Ph 2 NNHC(S)NHMe 3b were prepared by minor modification of the literature procedure [19] involving addition of 
Preparation of [Pt{SC(=NPh)NNPh 2 }(PPh 3 ) 2 ] 4a
To a pale yellow suspension of cis-[PtCl 2 (PPh 3 ) 2 ] (400 mg, 0.506 mmol) and Ph 2 NNHC(S)NHPh 3a (168 mg, 0.527 mmol) in methanol (30 mL) was added triethylamine, immediately giving a bright yellow suspension. The mixture was refluxed for 10 min., water (10 mL) added and the mixture cooled to room temperature. The 9 bright yellow solid was filtered, washed with water (10 mL), cold methanol (10 mL) and diethyl ether (10 mL), and dried to give 4a (484 mg, 92% 
Preparation of [Au{SC(=NPh)NNPh 2 }(2-anp)] 7
Complex 6 (300 mg, 0.686 mmol) with Ph 2 NNHC(S)NHPh (219 mg, 0.687 mmol) and excess triethylamine in methanol (40 mL) was refluxed for 30 min., giving an orange suspension. The mixture was cooled to room temperature, the solid filtered, washed with water (10 mL), methanol (10 mL) and diethyl ether (10 mL) and dried to give 
Supplementary information
Crystallographic data for the structural analysis have been deposited with the Cambridge 
